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ABSTRACT 


COVID-19 is an illness caused by a novel coronavirus also known as severe acute respiratory syndrome coronavirus 2, which 
was first identified in the City of Wuhan, China. Since then, it has been declared as a global pandemic by the World Health Or- 
ganization. The late diagnosis of COVID-19 patients makes the fast spreading of the virus across the globe. Purpose: Thus, the 
solution to slow down the spread of this virus would be an expert system that will be able to diagnose COVID - 19 patients and 
produce results instantly. This paper discusses how a knowledge-based expert system can help to diagnose or detect COVID — 
19 in the early stage itself and get the result immediately without any delay. 
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INTRODUCTION 


The novel coronavirus disease (COVID-19) has created tre- 
mendous chaos around the world, affecting people’s lives 
and causing a large number of deaths. Its first cases were 
detected in Wuhan, China in December 2019 and now it has 
been spread to almost every country. Governments of many 
countries have proposed policies to mitigate the impacts of 
the COVID-19 pandemic. Science and technology have con- 
tributed significantly to the implementations of these poli- 
cies during this unprecedented and chaotic time. 


The coronavirus (COVID-19) has made exceptional clut- 
ter around the world. The primary case was distinguished 
in Wuhan, China in December 2019 and it has been spread 
all around the world. Distinctive arrangements and rules are 
proposed concerning dealing with COVID-19 by govern- 
ments. Science and innovation have supported. Early detec- 
tion and evaluation of infected patients have been considered 
by most of the computer science researchers. The artificial 
intelligence (AI) and different related computational tech- 
niques play a considerable role for this purpose. In general, 
when detecting disease at the later stage is much complicated 
to treat compared to detecting the disease at an earlier stage. 
The same concept applies to detect COVID-19. Based on 
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the Malaysian newspaper (The STAR, 2020) the main cause 
of death in Malaysia due to COVID-19 is because of late 
treatment.! This also means that the patients were diagnosed 
with the virus very much later and not in the beginning stage. 
Also, late detection of the virus might put other people live 
at risk. This is because when the potential patient does not 
know if he or she is infected with the virus, they might carry 
on with their daily routine and spreading the virus to others. 





Besides that, when there is a delay in the detection of viruses 
in older people and those with underlying medical problems 
like cardiovascular disease, diabetes, chronic respiratory 
disease, and cancer, they are more likely to develop seri- 
ous illness.* This also increases the workload of the front 
liners in the medical field as the treatments for these cases 
are much more complicated than the normal cases suffer- 
ing from COVID-19 and require more and special attention 
and medical care. Furthermore, the reason why the current 
detection method is not so efficient is that multiple processes 
need to be carried out before an actual result can be obtained. 
Based on NPR Choice report in 2020, the first step that needs 
to be carried out is to take a sample from a patient’s nose or 
throat, using a special swab. That swab goes into a tube and 
is sent to a lab.* Small hospitals mostly send their samples to 
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outside laboratories for processing but large hospitals usu- 
ally have on-site molecular test labs, however, The transit 
time depends on how far the hospital is from the process- 
ing laboratory and usually takes around 1 day. Then, in the 
laboratory, a chemical test called polymerase chain reaction 
(PCR) is done. This is the test that determines if the sam- 
ple is COVID-19 positive or negative. Besides that, the PCR 
usually takes 6 hours to get the result. The whole process of 
detecting the COVID-19 takes around 2 to 3 days which is 
still quite lengthy. By then, the infected patient could spread 
the virus to many others around him or her. 


Thus, the technique that can potentially solve this issue 1s 
from the domain of Artificial Intelligence which is the Ex- 
pert System. This paper focuses on the roles of AI tech- 
nologies and especially expert systems in the battle against 
COVID-19 disease. This study explores different types of 
AI applications that support humans to diagnose and sup- 
press the extensive impacts of the outbreak. A combination 
of expert system and fuzzy logic is studied and suggested 
regarding diagnosing early symptoms of this virus and fuzzy 
expert system and its usage in different similar situations 
is discussed. Besides, this study presents a suggestion for 
COVID-19 diagnosis to facilitate future studies about this 
disease. 


ARTIFICIAL INTELLIGENCE AND COVID-19 


The expert system can be used to detect the most common 
symptoms of COVID —19, which are fever, tiredness, and 
dry cough. Having aches and pains, nasal congestion, run- 
ny nose, sore throat, or diarrhoea are some other symptoms 
that can consider in the expert system. The symptoms begin 
slowly; around 1 out of 6 patients becomes seriously ill with 
the serious breathing issue. Older people, and those with 
high blood pressure, heart problems, or diabetes would need 
more medical attention’. The expert systems can be used for 
early diagnosis which consists of the knowledge base, inter- 
ference engine, and user interface.* 





The first well-known expert system is MYCIN developed 
in 1972 at Stanford University in California’. Even at the 
period, this expert system could do wonders such as re- 
questing further information concerning the patient and 
suggesting additional laboratory tests to arrive at a prob- 
able diagnosis, after which it would recommend a course of 
treatment. If requested to MYCIN, it would also explain the 
reason behind the result of the diagnosis. Similarly, some 
features of MYCIN can be implemented in the proposed 
expert system. For example, if a patient is not satisfied with 
the diagnosis of an expert system, the expert system could 
suggest the appropriate test that should be done, the kind 
of treatments they should follow and the medicines they 
should take. 


Another expert system by the name of Oncocin 1s a rule- 
based medical expert system for oncology protocol manage- 
ment developed at Stanford University.* This expert system 
was designed to assist physicians with the treatment of can- 
cer patients receiving chemotherapy. Similarly, some of the 
proposed systems could have this kind of feature. It should 
be considered that some COVID-19 patients might have very 
severe symptoms that might worsen without the proper treat- 
ment. The expert system can help to store the required treat- 
ment that was used to treat a patient that has a severe COVID 
-19 symptoms and might assist the physicians in the future 
in treating the COVID — 19 patients to prevent the symptoms 
from worsening. 


EXPERT SYSTEM 


The expert system helps doctors and people to detect and di- 
agnosis the symptoms that may face in real-time, without los- 
ing a second. Considering the main components of the expert 
system, the knowledge base of the expert system can be ob- 
tained from the doctors, nurses, and researchers that primar- 
ily handling this virus cases. This kind of expert system not 
only detects the virus earlier but also reduces the workload 
of the frontline workers in the medical field to diagnose the 
potential patients. With a faster detection of the virus, there 
will be lesser deaths among the COVID -19 patients, and 
more patients would recover at a rapid rate since detecting 
the virus earlier would increase the recovery rate among the 
patients. Therefore, the doctors, nurses, and researchers who 
are working with COVID — 19 cases can be considered as 
domain experts in this research to obtain information about 
the COVID -19 virus. Once the knowledge is obtained, the 
expert system will convert and keep the information in its 
knowledge-based expert systems. All the symptoms includ- 
ing the common or not so common symptoms are saved in 
the knowledge-based. Then the interference engine should 
be able to combine both symptoms to determine whether the 
patient is suffering from COVID — 19 or the common flu. 
To enhance user interaction with the system, graphical user 
interfaces should be employed as well into the system. This 
would make it easier for anyone to use the system and not 
requiring any medical officer to help the public in assisting 
them to operate the system. 














Fuzzy Expert System 

In disease diagnostic process, the fuzzy expert system uses 
the combination of expert systems and fuzzy logic to diag- 
nose early symptoms.’ For example, the fuzzy expert system 
that is used in diagnosing early symptoms of bird flu is a hy- 
brid intelligent system to solve decision making and interfer- 
ence problems in the presence of uncertainty. This approach 
includes 4 main processes which include the knowledge 
base, fuzzification, fuzzy interference, and defuzzification. 
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The primary source of information on the knowledge base 
would be the doctors. In the fuzzification process, the in- 
put variable that is entered by the user will be transformed 
into a linguistic variable. The fuzzy expert system and its 
components. The user needs to enter the degree of his/her 
fever from a scale of 1 to 100, this will become the input. 
A piecewise linear function is used since this is the simplest 
type of membership function (MFs), yet powerful enough to 
classify various linguistic values. Under the fuzzy interfer- 
ence process, the truth value for the premise of each rule 1s 
computed and applied to the concluding section of each rule. 
This results in one fuzzy subset to be assigned to each output 
variable for each rule. And the last process would be defuzzi- 
fication, which is used to convert the fuzzy output set to a 
crisp number. The centre of area (COA) techniques which 1s 
a central value in the universe of discourse and that due to 
its complexity it may lead to a rather slow inference cycle. 
Once all symptoms have been key in based on percentages of 
probability on each symptom, then the system calculates the 
percentage that the user has been infected. 








Another expert system used for the early diagnosis of eye 
diseases infecting the Malaysian population consists of the 
knowledge base, interference engine, and user interface.° 
The knowledge base is acquired from sources such as rel- 
evant medical documents, nurses, patients, and ophthalmolo- 
gists. The interference engine allows between the user and 
the system. The knowledge acquisition goes through 8 differ- 
ent levels which include literature study, questionnaire, pilot 
survey, and improved questionnaire interview with patients, 











sore throat, and many other symptoms. Thus, with this ap- 
proach, the system is also able to make decisions even in 
a complex situation. As discussed earlier, the fuzzy expert 
system implements the fuzzification process where the mem- 
bership functions defined on the input variable apply to their 
actual values. This helps to determine the degree of truth for 
each rule. Each rule represents a symptom. Every disease 
has a specific degree of symptoms at an early stage that even 
domain experts such as doctors may not know at that early 
stage. For example, all H1N1 virus (swine flu) patients also 
might have flu and fever symptoms, but there are very fewer 
people who suffer from fever and the temperature of the per- 
son usually does not go up so high.'' Even dengue patients 
have fever symptoms but patients who suffer from dengue 
will have a high and sudden fever.'* This clearly shows that 
even there are some symptoms similar between dengue fever 
and the HINI virus, but the degree of the symptom differs. 
Similarly, there might be a certain degree of symptoms that 
can detect COVID-—19 patients at an early stage, and fuzzifi- 
cation can make the diagnostic process easier. 














The knowledge acquisition on the expert system is one of 
the best ways to acquire information; as there are 8 differ- 
ent levels to fill up its knowledge base.’ Dealing with COV- 
ID-19, the knowledge base should have a thorough amount 
of knowledge to able the system to diagnose the patient at the 
early stage of the infection. Thus, when the knowledge base 
in the proposed expert system can be acquired from vari- 
ous sources such as domain expert, patients (including the 
recovered ones), questionnaire, surveys and nurses then, the 





interview with ophthalmologists, extracting the knowledge 


expert system will have a wider and broader range of knowl- 





from the 6 stages, and finally inserting into the knowledge 
base. The expert system used for early diagnosis of human 
disease is rule-based and makes inferences with symbols, 
which require translation of a diseases specific knowledge 
in the standard symbolic form." Firstly, the medical back- 
ground of disease 1s recorded from a personal interview with 
doctors and patients, then a set of rules are created and the 
interference engine will analyze the information based on the 
rules created. With the expert system, the user can interact 
with a computer to solve a certain problem. This can occur 
because the expert system can store heuristic knowledge. 








DISCUSSION AND RECOMMENDATION 


Based on the literature review, there are a couple of ways in 
diagnosing COVID — 19 patients who have symptoms at an 
early stage. As it has been discussed, the fuzzy expert system 
does not make decisions based on black or white, it often 
involves grey areas and the term may be as in diagnosing a 
potential COVID—19 patients, there is no such a very spe- 
cific symptom like dengue where the main symptom is high 
fever. Based on the previous COVID-—19 patients, symptoms 
vary from one patient to another such as fever, flu, diarrhoea, 





edge. This will help the decision-making process faster. The 
proposed system can also provide suggestions on how to re- 
duce the spread of the virus as well as to speed up the recov- 
ery in COVID-19 patients. 


The heuristic approach used in the expert system diagnos- 
ing the human disease 1s an excellent method in doing early 
diagnosing on COVID-—19 patients.'° No matter how deep or 
wide the knowledge base is created, some crucial informa- 
tion about some symptoms of the disease might be left out. 
Furthermore, for the special cases of the patients with a his- 
tory of medical problems like high blood pressure, heart and 
lung problems, diabetes, or cancer, the domain expert might 
not know the exact early symptoms of the COVID—19. The 
mutation of the virus also can make the virus more aggres- 
sive’; new various kinds of symptoms can occur and the do- 
main expert may not be able to identify the new symptoms. 
Thus, with a heuristic approach, the expert system will be 
able to learn from their own experience from the COVID-19 
patients and with that experience, the expert system will be 
able to identify early symptoms on patients who are already 
suffering from certain medical problems and patients even if 
they get infected by the mutated version of the virus.'* 
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CONCLUSIONS 


The use of the fuzzy expert system would help to diagnose 
COVID —19 virus at a much early stage. It will give more 
accurate results compared to the doctor’s diagnosis. The 
benefits will be gained by both doctors and patients as the 
doctors will be able to save their time in diagnosing patients 
and focus more on treating COVID-—19 patients and patients 
will be able to diagnose themselves and get the appropriate 
treatment as soon as possible. Patients can use the system 
on their own too which can save their time and money to 
refer to medical centres. Only when the system states that 
the patient is suffering from COVID -19, then the patient can 
seek medical attention from the nearest hospital. This expert 
system can be placed anywhere such as bus stations, train 
stations, airports, grocery shops,and even installed in per- 
sonal devices. The feature of virtual voice assistant can also 
be considered for using the expert system more efficiently. 
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